Characterizing residual structure in disordered protein States using nuclear magnetic resonance.
The importance of disordered protein states in biology is gaining recognition, and can be attributed in part to the participation of unfolded and partially folded states of globular proteins in normal and abnormal biological functions, such as protein translation, protein translocation, protein degradation, protein assembly, and protein aggregation (1-5). There is also a growing awareness that a significant fraction of gene products from various genomes, including the human genome, fall into a category that includes low complexity, low globularity, or intrinsically unstructured proteins (6-9). Unlike native states of globular proteins, disordered protein states, by definition, do not adopt a fixed structure that can be determined using classical high-resolution methods. Nevertheless, there has long been evidence that many disordered states contain detectable and significant residual or nascent structure (10-16). This structure has been found to be important for nucleating local structure, as well as mediating long range contacts upon either intramolecular folding to the native state (17-21) or intermolecular folding with specific binding partners (22-24), and is also predicted to influence intermolecular folding into structured aggregates (25,26). The primary tool for the characterization of such structure is high-resolution solution state nuclear magnetic resonance (NMR) spectroscopy. Advances in NMR instrumentation and methods have greatly facilitated this task and in principle can now be accomplished by those without extensive prior experience in NMR spectroscopy. This chapter describes how this can be accomplished.